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Disodium Tetracarbonylferrate 
A Reagent for Acid Functionalization of Halogenated Polymers 
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SO.MARY 

The replacement of the c h l o r i n e  atoms of ch lo romethy la ted  p o l y s t y -  
renes by carboxyl  groups v i a  r e a c t i o n  with disodium t e t r a c a r b o n y l f e r r a t e  
and subsequent t rea tment  with an ox id i z ing  agent i s  descr ibed .  

INTRODUCTION 

Disodium tetracarbonylferrate, NaoFe(CO)a, is a highly versatile 
and selective reagent, for converting ~lkyl h~lides to aldehydes (1), 
unsymmetrical ketones (2), or carboxylic acids, esters, and amides(3,4) 
in high yields and under mild conditions, 

We now wish to report our preliminary results regarding the use of 
t h i s  reagent  to the ac id  f u n c t i o n a l i z a t i o n  of  ch loromethy la ted  p o l y s t y -  
renes as i nd ica t ed  in the fo l lowing  scheme s 
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a- CIi2COOIt 

The syntheses  were c a r r i e d  out under argon 9 using c a r e f u l l y  p u r i -  
f i e d  and dr ied  reagen t s .  Chloromethylated s ty rene -3~-d iv iny lbenzene  
(SDVB-3), s ty rene -18~-d iv iny lbenzene  (SDVB-18), and s t y r e n e - 2 7 ~ - d i v i -  
nylbenzene (SDVB-27) copolymers were prepared according to publ i shed  
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methods ( 5 ) ,  Amounts o f  r e a c t a n t s  a r e  g i v e n  in  Tab le  1. 

Tab le  1 
Amounts o f  r e a c t a n t s  used  f o r  p r e p a r a t i o n  o f  t e t r a c a r b o n y l f e r r a t e  
f u n c t i o n a l i z e d  po lymer s  ( I I ) .  

Sample 
C h l o r i n e  
c o n t e n t  

Amounts o f  r e a c t a n t s  

R e s i n  Hg Na Fe(CO)5 

(g) (ml) (g) (g) 

SDVB-3 18.25 2 6 0 .68  2 .5  

SDVB-18 12.60 2 6 0 .83  1.4 

SDYB-27 15.00 2 6 0 .40 1.7 

1. T e t r a c a r b o n y l f e r r a t e  F u n c t i o n a l i z e d  Po lymer s  ( I I )  

F r e s h l y  p r e p a r e d  sodium amalgam and SDVB r e s i n  beads  were suspended  
unde r  s t i r r i n g  in  100 ml o f  THF; i r o n  p e n t a c a r b o n y l  d i s s o l v e d  in  20 ml 
o f  THF was added d ropwise  under  e f f i c i e n t  s t i r r i n g  o v e r  1.5 h p e r i o d .  
The r e s u l t i n g  m i x t u r e  was s t i r r e d  f o r  an a d d i t i o n a l  36 h a t  room tempe-  
r a t u r e .  The r e s i n  heads  were f i l t e r e d ~  washed wi th  THF-dioxane ( 1 : 1 )  
and d r i e d  i n  vacuo a t  70~ f o r  4 h to  g i v e  t h e  i r o n  i n t e r m e d i a t e  ( I I ) p  
whose s t r u c t u r e  was d e t e r m i n e d  by IR s p e c t r o s c o p y  ( The_~resence  o f  
t h r e e  j ) ~ ^  bands a t  1986 (m),  1882 ( s ) ,  and 1860 ( s )  cm a re  c o n s i s t e n t  
wi th  t h e  ~u e x p e c t e d  C3V symmetry o f  CH2-Fe(C0)4 group ) .  

2. C a r b o x y l a t i o n  o f  I r o n  I n t e r m e d i a t e  ( I I ) .  

Uethod A : The s u s p e n s i o n  o f  i n t e r m e d i a t e  ( I I )  ( '~ g ) in  50 ml o f  
THF ~ c-oooTed a t  -15  C and 10 ml o f  w a t e r  were added f o l l o w e d  by ~.5 g 
o f  12 d i s s o l v e d  in  25 ml o f  THF. A f t e r  s t i r r i n g  2 h a t  -15~ t h e  m i x -  
t u r e  was f i l t e r e d 9  and t h e  r e s i n  beads  were s e q u e n t i a l l y  washed wi th  
THF~ e ther~  1 N HCI~ and w a t e r .  The p r o d u c t  was t h e n  d r i e d  in  vacuo to  
c o n s t a n t  w e i g h t  and a n a l y s e d .  

Uethod B s The r e a c t i o n  was c a r r i e d  ou t  in  a p r e s s u r e  bomb c o n t a i n -  
i ng  a magne t i c  s t i r r  b a r .  Th is  a p p a r a t u s  was c h a r g e d  wi th  100 ml o f  THF~ 
2 g o f  i n t e r m e d i a t e  ( I I )  beads  and 20 ml o f  w a t e r .  A f t e r  p r e s s u r i n g  to  
4 - 5 a t ( a t  room t e m p e r a t u r e )  wi th  O~ t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  

O . , . 

f o r  5 h a t  25-30 C. The m i x t u r e  was ~ l l t e r e d ~  and t h e  s o l z d  was s e q u e n t -  
i a l l y  washed wi th  THF~ 1 N HCI~ w a t e r  and e t h e r .  The p r o d u c t  was then  
d r i e d  o v e r n i g h t  a t  60-C under  vacuum. 

RF~ULTS AND DISCUSSION 

The r e a c t i o n  o f  Na2Fe!CO!4 wi th  c h l o r o m e t h y l a t e d  c r o s s l i n k e d  p o l y -  
s t y r e n e  a f f o r d e d  t h e  a n i o n i c  i r o n  complex ( I I )  a t t a c h e d  to  r e s i n .  The 
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i n f r a r e d  spec t rum of t h i s  i n t e r m e d i a t e  shows t h r e e  c a r b o n y l  s t r e t c h i n g  
bands  in  t he  r e g i o n  1860 - 1986 cm-l~ and a band f o r  k e t o n e  c a r b o n y l  a t  
1712 cm - 1 .  I t  can be r e a s o n a b l y  assumed t h a t  k e t o n e  l i n k a g e s  may be f o r -  
med by s i d e - s i d e  i n t e r a c t i o n  as f o l l o w s  z 

CH 2 CH 2 H2C CH 2 I I I 
0C ~ Fe Na + C1 Fe 

i ~co -NaCl o c / I  ~co 
CO C0 

H2C ~ C . /  CH2 

Ii 
0 

�9 Fe(CO)3(S) 

(S) = s o l v e n t  

( s)~ 

Scheme 2 

As a p robe  fo r  the  f o r m a t i o n  of a c r o s s l i n k a g e  ~ a s o l u b l e  p o l y -  
s t y r e n e  was c h l o r o m e t h y l a t e d  and t h e n  t r e a t e d  wi th  Na2Fe(C0)4 to g i v e  
a s w e l l a b l e  po lymer .  The i n f r a r e d  spec t rum of t h i s  porymer s6owed c a r -  
bony l  s t r e t c h i n g  bands  f o r  bo th  m e t a l - b o u n d  and ke tone  C0-g roups .  

P o l y s t y r e n e - b o u n d  c a r b o x y l i c  group was produced by t r e a t i n g  t he  
a l k y l  i r o n  i n t e r m e d i a t e  ( I I )  wi th  an o x i d i z i n g  a g e n t .  The f i n a l  p r o d u c t  
y i e l d s  a re  l i m i t e d  m a i n l y  by t he  y i e l d s  of a n i o n i c  i n t e r m e d i a t e  ( I I ) .  
I n f r a r e d  s p e c t r a  t a k e n  b e f o r e  and a f t e r  f u n c t i o n a l i z a t i o n  shows tha%~ 
i n  a l l  cases~ the  C-C1 hand ( 670 cm -1 )  d i s a p p e a r s ,  and a new band f o r  
the  c a r b o x y l i c  group ( 1700 cm -1 )  a p p e a r s .  C leavage  wi th  m o l e c u l a r  
oxygen i s  e s s e n t i a l l y  q u a n t i t a t i v e 9  and i r o n  b y - p r o d u c t s  a re  e a s i l y  s e -  
p a r a t e d .  The d a t a  of  Tab le  2 show t h a t  r e s i n s  wi th  low degree  of  
c r o s s - l i n k i n g  a re  more r e a c t i v e  t h a t  h i g h l y  c r o s s - l i n k e d  po l yme r s .  

F u r t h e r  work on t h e  a p p l i c a t i o n  of  Na~Fe(C0).  to  i n t r o d u c t i o n  of 
-CHgC0(SH) group i n t o  p o l y s t y r e n e s  and c a F b o x y l a ~ i o n  of o t h e r  polymers  
i s  fn  p r o g r e s s .  
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